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(57) Abstract 

Tbis invention relates to methods of regulating the effect of neural enzymes. It particularly relates to increasing the effective amount 
of the neural enzymes choline acetyltransf erase (ChAT). glutamic acid decarl>oxylase (GAD) and nitric oxide synthetase (NOS) In the 
central nervous system (CNS) through the administration of GPE. 
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REGULATION OF NEURAL ENZYMES 



This invention relates to methods of regulating the effect of neural enzymes. U 
particularly relates to increasing the effective amount of the neural enzymes choline 
5 acetyltransferase (ChAT), glutamic acid decarboxylase (GAD) and nitric oxide 
synthetase (NOS) in the central nervous system (CNS). 

BACKGROUND OF THE INVENTION 

1 O GPE is a tripeptide consisting of amino acids Gly-Pro-Giu. It and its dipeptide analogs 
Gly-Pro and Pro-Glu were fijst disclosed by Sara et at in EP 0366638. The suggestion 
made by Sara et al is that GPE has neuromodulatory properties (the capability of 
affecting the electrical properties of neurons). GPE has also been established as having 
neuroprotective properties and therefore having utility in the prevention or inhibition 

15 of neural cell death (WO 95/17204). 

To date however, there has been no teaching or suggestion of GPE or its analogs having 
any direct effect on the effective amount of neural enzymes present in the CNS. There 
has certainly been no suggestion of GPE having the ability to upregulate expression of 



20 — the neural enzymes, ChAT, GAD-and^ NOSr and/or of-their receptors. 




'neuromuscular ther^pyiand prophylaxis, inclucjiiig whe^ e the survival of neural; cells 
25 is not threatened. -:(c - r.. .:: .i; .j dr 





.GAD is involved in the synthesis of the important inhibitory neurotransmitter gajhma 
amino butyric acid (GABA). An ability to upregulate GAD expression therefore has 
implications for neuraj therapy and prophylaxis. 



30, 



NOS has multiple, functions in the brain, fncliiding regulating blood flow, ' cell 
metabolism and cell .survival.. An ability to regulate NOS expression' using. PPE 
therefore has implications for neural therapy and prophylaxis, including where the 
survival of neural cells' is not threatened. 
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It is, t lie, object prt^^ to.jpro^ide new- approaches to, n^urpnal/therapy or 

^ ^ propbyla^33^> iwW^^ iherexpres^ion of neural enzymes 

presentjin the^CNS. or al Jje^a^^ 

5 SUMMARY OF THE INVENTION , [ v v r 

. In a first aspectv thfeinyeatlon prpyi^ method: of tr.eatment of a patient suffering 
from or susceptible to a condition^jn^ which^^ amount of a neural 

enzyme selected from ChAT. NOS and GAD is desirable, which method comprises the 
JO .step of increasingthe effective,, amp;unVo^ .QPE/ior an analog thereof within theXNS of 

-32dd, patient--.;:; ; ' ■ 'i.T^ aoJr .z.a /'■; \: -^^'.^v-,-^.^ 

In a further aspect, the invention provides a met^ of increasing the amount of the 
neural enzyme ChAT in a patient for ;tlierapy or prophylaxis of a ncurojogical disorder 
15 or condition, said method comprising the step of increasing the effective amount of 
vGPE oran analog,therepf;wn - 

In still a further first aspect, the invention provides a method oHncreasing the amount 
of the neural enzyme GAD in a patient for the^rapy/pr prophylaxis of a neurological 
20 disorder or condition, said method comprising ■the^.s^ep of effective 
amount of GPE or an analog thereof within the 9J^§:^rj5:^d patient; 

In yet a further aspect, the invention provides .a njeti^od of increasing the amount of the 
neural enzyme NOS in a patient for therapy or prophylaxis, said method comprising 
25 the step of regulating the effective amcjunt of QPE qr^ajn-.^jialpg thereof within th^ CNS 
of said patient. 

. , . Increasing the iampunt"^ ^prynae is ^through upregulation of expression of 

the neural enzyme. 



30 



By "analog"* it is meant the dipeptide§, Qly-PrQ^d ProrGlu as-welLa^ any other small 
peptide which is capaJi)le,of effectively binding to the re.ceptors:invthe CNS GPE binds 
to and of inducing an equivalent upregulatory effect upon the expression of ChAT. GAD 
or NOS and/or their respective receptors. 



- 2 - 
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^ : 'Most preferably /it is aheeffectiVe^am^^ of GPE^itseirwliicli'i^iHcre^ the 
/ : CNS of the patient. This eath^ be SeTT^^ indeed 

this is preferred: Hcwever; the adniih'i^tfatibh^f comjibuhd^^^^ iridifectly increase 

the effective amount of GPE (for example a prodrugwhich, within the patient is cleaved 
5 to release GPE) is in no way excluded. MCR IX'^^P : M v^Ki:.:/^c^ 

: V , The active compound (GPE or its an^bg) cafi be a<5rilanistdred'^one ori'as is preferred, 
^ as part of a pharma^eeutical-com^b^itibri^^ ^ ' ^ i : s .0 

XO ^The composition cai) be^ adtelM^ pefipih'et^lynTor ^x^mpk by a 

parenteral route such as injection into the peripheral circiifelibnT or can be 
administered directly to the CNS. This latter route of administration can involve, for 
exarnpleolateraJ cerebro-verlfricul^ of a surgically ihserted siiurit into the 

' ^ lateral cerebrb^ veritrit^le W the bnsii^ 7 v ^ ^ . ^ > . 

Conveniently, the expression of GHaT^ upre'gulated through the 

administration of GPE or its analogs in the prophylaxis or therapy of one or more of 

. '^-r-. ' .thienf©l"lowiiig:- --^r,-..-iq no;-:- v^^i... .a; , v- , t.^::.-^;^ ^ I -jc iV 

iz ■• '--MOftbr tteufon^di^c^as^;^^ "^^'^ jri^i^ >q h -■:T,_.n-::.- ■. \.- "'c 

jZQ: -i^ru >-r.?Alzheinieradiseasfe^i^^^?'^'- b-y: ■f-i r.i^ir. "-v --^rv:..;,. o::- 

Musbi^lar'dystfo^iiy: --^'^ ^^-.lU^'^^'U^-^-.j.I: .a Jsc^. ^f::y\o : . ■ 

Peripheral neuropathies; 
7 ^ Autonomic neurbpatfiies^ ..u ■ I'-i-i- . rJ-^;.: .-^ //r; 

■"IS^ '---'^ ''T^dUTOdegeneration diife^o- a^ -r. : L'.r- :^ n - 

Conveniently, the expression of GAD and/or its receptors is upregulated through the 
^ : : admiaistratiori of GPE "or anaJogs m the propfiylaJds or tliferapy of bn^^^^^^^^ more of 
the following: t v : 

30 postasphyxial seizures; > 

.^^-A.' ' convulsive disorders such ias epilepsy; and ^ ' , *' 

: neurodegenef ative dise^es such - ^ ■ 
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ConvenienLly;, the expression receptors is upregulated through the 

administration of GPE or its analogs in the pr(?{j^|iylaxis or therapy, of oae or more of 
the following: 

subaraqhonoid haemprrah^^^ , , . , , , , : ^ 

5 transient ischemic attack; _ ; , . .. . , , 

stroke; 

multinfarct dementia; , : . . . , . , . ^ , 

cerebral vasculitis; and 
, traurnatic brain injury. . , a- - * . , . 

. In a further aspect, the invention als^^^^ analog thereof 

in the manufacture of a, me use Jn increasing the amount of ChAT, GAD 

^ or NOS prese^^ in the CNS. , . : - ; : - ^ - ; ^ r 

1 5 BRIEF DESCRIPTION OF THE DRAWINGS 

. The present Invention is bro abpye, Ho>veyer, those perj^pns skilled in 

the art will appreciate that it is not liinit.ed only to the jaboye, but th^it it also includes 
embodiments of which the following description provides examples. A better 
, .20 underst^andi^g pf the present inveot}Oi^^v^,ill_aU§o^ reference.- to the 

acx<3mpaLn>^^ --^^n ^^fni - - - /^-^^ - ^ ^ - n 

Figure l _.shows ^the nu qf, Ch^T-pp^ttiy^ O,e,i^rons fpllpwing treatraent with a 
. . ^^contrql yetiicle or with . 

Figure 2 shows the number of GAD-positlve neurons following treatmentwith a control 
vehicle or with 3 ^ig of GPE 2 hours after induced hypoxia; 

. . Figures shows the jiumbejr of NOS-positive neu^onsjpllowing treatgien't a control 
-30^ , vehicle or with 3 jig of GP? .2 hoprs after induced, bypoxi^; ^. , ^ • 

Figure 4 shows the effects of GPE on the nuirib^^r of jGAjp^positiye neum following 
quinolinic acid-induced injury to the brain; 



- 4 
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'Figure 5^h6ws the effects of GPE on fhfe number 6f Mbs-poisitive'n following 
- ■ qumoiinic' acid-induced "* * ' ' -••''•i^ -'- - 

Figure 6 shows the effects of GPE on the' number of ciiAT-^^^^^ following 
5 quinolinic acid-induced injury to the brairi: - 

DESCRIPTION OF THE INVENTION ; v L , ; ; r : 

As indicated above, the present invention is brdaidiy based upon the apphcants 
10 surprising finding that GPE and its analogs are capable of increasing the amount of 
■ - certain neural ehz^^'es within t!he 'CNS/'This lipregulating 
' enzyme expression,- is achieved through incr^^irig the effechve^ concentration or 

amount of GPE or the analog in the CNS of a patient. The neuraJ enzyfnes specifically 

upregulated in effect are ChAT, GAD and NOS. 



15 



It is presently preferred by the applicants that GPE itself be used to increase the 
amount oT the heu/al enzymer Mdst *coriVenieiltly/'t^ is effected through the direct 
ikirninlstratioif 6rc5PE;^tb*the*p^^ " ' " "'''^ ^ ''''' ' ' ' 



' * 2b * H6\vever;'wriiie''this is' presently pY§ftVrdd; there' is^ hd in^ehtion on the^^ the 
applicants to exclude administration of bttfet forms W iDPE 'By way of example, the 
effective amount of GPE in the CNS can be increased by administration of a prodrug 

" ' ' ' "form of GPE which tbiiiprises cf^^E and' a' cairier/GPE and tbe ca!rrief fen^ joined by 
a linkage which is susce^>tibl'e fo'cl^av digestiori'wlthin ihe patient/ Any suitable 

25 linkage can be employed which will be cleaved or digested to release GPE following 
admirustfatibn; ' '""^ ' ' - -^r;. io -r. / v-c-^?: >„ - -V^''^ 

It is further preferred that GPE be administered as part of a medicament or 
pharma'ceuticai prepkration/ 'This ca^ Involve combihaitioh ' of GPE with any 
30 pharmaceutically appropriate carrier, ^iidjuvani or excipient, Tlie sefe6tion of the 
carrier, adjuvant or exclpient will of course usually be dependent upon the route of 
^ administfatioh''to be feinplbye^^^ ' " - - • - ^ ^ 



- 5 - 
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The administration route can vary widely. An advantage of QPE.is-that it can be 
administered peripherally. This means that it need not be administered directly to the 

GNS.;Gr the ;patient in orders ;to haye:e ^ : , >- : : .^^ 

5 . Any peripheral route pf administratio^^^^^^ .the, art cari: be employed. These can 

. ; ^. include:p.arenteral rout^^^ with ;mjec,tipn to^ circulation, being a suitable 

; ^.exajTiplev H from oral, rectal, nasal, 

, subcutaneous^ .inhalation,: intraperi toni^. or , intramuscular: can be employed , 

JO ; Two of the most convenient administration routes be.t^y FV teg. dissolved in 0.9% 
sodluni chloride) or orally (in a c^aps ;> * ; ^ : ^ 



It will -also appreciated that it niay on pccasipn, be, desirable to,<directly administer 
; . .GrPE to .the CNS of the patieat. Again. thiS; can be ac appropriate direct 

: 1;5. n administration routes Example3 'inci^^^ 
: , r ^ ^ -r: injection or. through a. surgically inser;tejdj5tiunt int;o the lateral ccrebro-ventricle of the 

- V brain of; the (patient^ ^\j^v\ -[^at:^ hi:^ i^^' '.r '^-i ■/i.i'v. :r ■ :l -r:":- ^c^' 

f.; The calculation olthe effective: ^jnountipfrGPE^^ will 
: ; 20 i be rpu tine , to tjioser perst^ns skilled izt tfcj^ e^. ^J^e^dless to, sjay, > ttve: final, amoumi; to be 
; . s ^ : vr i administered will be depcndentrwppiiTthgrput^rQgadminls^ upon; the nature 

h - i h : of the neurologic^ disorder or conditim^wWich i?: to be tit^^ted. -^A suitable dose range 
n r :/ V . /mayjor exampJebe bqtwe.enrabout per 100 

: VT ' og^of bo0y;weiglH wliere^the^ dose is ^ctoijpyts^eredi cf - i : e j . 

. i - QRE and its^ analOgsxaBrbie obtaine^^friOTJ^^ 

r : cGPE :and itSi analogs can be directly syothiE^lseci by eonM^in^ional/jnethp^^ such as the 
;/ : ir: . stepwise:solid phase synthesis niethod o6Mf?rtryfi?ld eraI;rM^ Soc. 85 

:o p ::2149-2156 ( 19631). Alternatively,-; rsyrithesiS' tevolve the use - of commercially 
; : 30/ availahle pepstide synthesisers such as the.Appiied Biosystefn§ model 430A. 

: . . li The present! invention -will now be illustrated Nvith refer?J3ce^tp' the.. following non- 

• t: ••.v.:.^ limiting examples^ .o ^. - \cr 'r.^ : 'r -n',- v ; if n 
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Eoicample 1 




The objective of these^ studies Was"te>' determine the feftect^ of adrnlriistlsnng GPE on 
expression of ChAT in the presence or absence of CNS injury. The experiment 
•5^ involved treating the rats '\Wth d^cbhtfbl vete^^ h<3urs^atftfef= a fbcaJ CNS 

: ' injury. These fats hAd' in h>T>b^c4^ 

■ :.' in a-standard m^thhef'(hgaLtion'off^he carotid a^ degrefe and'lengtH'of hypoxia. 

^ the ambieht ' tenlperature iihd' huMidiiy> weT-e/rdefmed to' staiidardise the degree of 
damage. The neuronal death is restricted to the side of the carotid hgation and is ^ 
' ■ ro - 'prirnafily in tHe;riipp6caLmp*us; derit'sttfe^^^ 

hemisphere. There is no neuronaJ'ldss? in the^contraLlateral 'h'em'isphe^dl 

\i: Specific^iy, hi^ie pairs 'of ^^adulf ^wlstar ' rats' (280-320gP Avere^'^prepared under 
•v^i : r halbthane/Oz'ajiaesth^siav -'Th^d rlght side carotid- aiitery was Mgated. A guide cannula 
/ '15: was-placecl C)n tiie duFa'7.^5iiiiTi"aLri 1 .5mm from midline 

on the tighl. The* ratS wi^re all6wda''f6 Tetbver /6^r .14ioilt¥^ placed in an 

incubator with humidity 90+/-5% and temperature SV^f-^Qj^^-C^ for 1 hour before 
hypoxia. Oxygen concentration was reduced and maintained at 6+/-0.202% for 10 
. : " . minutes^ ' The >at:s were ^Tvept- i^ and then 

20^'- 'lf^at€d^ either >A^lth Sug^GPE or^ veJ^iGl^ ^oM^^COcitM" ci^rat^l^ dilated 1 0 

n . JiiJ times in' 0.1^ -feovim^^ ptospHate IbuCfered^^saline (PBSj 

.ntuv; L.- i^|pH7i3]j; AA' further *^6' rats wepe^-used^ks normi^ controls.^ ;The "rats vJtrc sacrificed 
' ' • - - vcusiiig- pentobarbital 3-days after, hypb^c schernic injury.e BV-i?ins -were perfused with 
normal saline ahd-4%-*paraforto'i^ llxed in perfusion :fixati ve4 over night. 

25 Brains were stored in 25% sucrose in O. IM PBS (pH7.4) until the tissue sank. F'rozen 
j > coronal ';Siec£ibns (30u^^^^ striatum; globus' cpaJlidvisiJ^^^ nigra were cut 

; ^ " ^ iisfng" a ^micr^)tbr!le airid 'stored> iK :0.1^ sodfum : a^ide::^n^30^1M aPBS * at 4*'C. 
' Immunoreactivity for Chdlille^acetyltr^ estabhshed by staining 

' ' - - using a free floating section methodr Briefly, the antibodies were-diiiitbd .in 1% goat 
30 serurh.' The sectioris were incubated in 0.2% triton in 0. 1;M PBS/triton at 4°C bvei-hight 
before immunohistochemistry. The sections were pre-treated with 1% HoOa in 50% 
' ' ^ m^'hahbl f6r2€ miiiuteisj The sections were theri.incubated with rabbit (Rb) anti-ChAT 
(1:5000) antibodies (the primary antibodies) in 4D on a shaker fori two days. The 
sections were washed using PBS/triton (15 minutes x 3d) and then incubated with goat 

- 7 - 
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anti-rabbit biotinylated secondary antibodies ( 1 : 1000) at room temperature overnight. 
The sections were washed and incubated in (ExtrAvidin TM Sigma 1 : 1 000) for 3 hours 
and ifollowed by H2O2 (0.01%) in 3,3-diarni,nQben (DAB, 
0^05%) reaction. , These sections were nipunted on chrome alum coated. slides, dried, 
dehydrated and covered. 



The striatal neurons in both hemispheres which shqwed specific immunoreactivlties 
corresponding to ChAT were counted using a light , microscope and a imm 2x1000 
grid. The size of the striatal region used for the count was measured using an image 
10 analyser. The total counts of neurons/mm^ were compared ^^^b GPE and 

vehicle treated group. Data were analysed with paired t-test and presented as mean 
+/- sem. Results are presented in Figure .1. , . , , , . ^ . t ^ 

This figure show^ that the number of ChAT immunopositiye neurons mcreased in both 
15 the right and left (uninjured) sides. This clearly indicates that.administration of GPE 
is effective to upregulate ChAT exp^ressiqn ; , 

Example 2 r^^-- 

26 The objective of these studies was to determine the effects, of adrninistering GPE on 
expression of GAD in the presence or absence of CNS injury. The experiment involved 
treating the rats with a control vehicle or GPE 2 hours after a foetal CNS injury. These 
rats had an hypoxic-ischemic injury to one cerebral hemisphere induced in a standard 
manner (ligation of the carotid artery), Th^ length of l]ypoxia,.-the ambient 

25 temperature and humidity were defined^^t^ standardis^e .the^de^^^ The 
neuronal death is restricted to the side of the carojtid ligation arid Js primarily in the 
hippocampus, dentate gyrus, striatum and lateral cortex of the ligated hemisphere. 
There is no neuronal loss in the contralateral hemisphere. 

30 Specifically, nine pairs of adult wistar rats (280-320g) werje prepared > under 
halothane/Oj anaesthesia. The right side c aftery was Jiigated. .A, guide cannula 

was placed on the dura 7.5mm anterior frorn stereotaxiQ^ero^ani^^^ from midline 

on the right. The rats were allp\yed to recoyer for 1 hour and \yere^then placed in an 
incubator with humidity 90+/-5% and temperature 31+/-0.5°C for 1 hour before 
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hypoxia. Oxygen concentration was reduced and maintained at 64-/-0.202% for 10 
' iTiihutes. The rats were kept in *the inc^^ after hypoxia and then 

' • treated eilher with 3ug G^^^ 10 
' tirhe-s in' 0. 1% bovine serum' albumin in OJM phosphate buffered saline IPBS} 
5 [pH7.3)). A further 6 rats were used as normal controls. The rats were sacrificed 
using pentobarbital 3 days after hypoxic-schemic injury. Brains were perfused with 
normal saline and 4% paraformaldehyde and fLxed in perfusion fixative overnight. 
Brains Were stored in 2B%i sucrose in t).l^ Frozen 
- corbriaj sections (30um^ of striatum, gloSiis pallidus an'd substantia nigra were cut 
10 using a'm'icVotome Wei stored i^^ azide Tn QAM PBS at 4°C. 

'Iiiimunbreactivity for GAb' was estafciished by stainin^^^ 

method. Briefly, the antibodies were diluted m 1 %'goa;t serunri. The sections were 
incubated in 0.2% triton in O.IM PBS/triton at 4"C overnight before 
imniundhistochemistry. The sections' were pre-treated with 1% H2O2 in 50% methanol 
15 T6r 2b minutes/ The sections were tlien incubated with rabbit (Rb) arfti-GAb ( 1 :5000) 
antibodies (the primary antibodies) in 4D on a shaker for two days. The sections were 
washed using PBS/triton (15 minutes x 3d) and then incubated with goat anti-rabbit 
biotinylated secondary antibodies (1:1000) at room temperature overnight. The 
sections were washed and incubated in (ExtrAvidin TM Sigma 1 : 1 000) for 3 hours and 
20 - Tdllowed by H2O2 (D,Ol%j in 3\3-diamin6benzidirie tetrahydrochloride (DAB; 0.05%) 
reaction. These sections were mounted on chrome alum coated slides* dried, 
• dehydrated and covered. 

The striatal neurons in botH hemispheres which showed specihc immunoreactivities 
25 ' ' correspbri'dihg to GAD were counted lisirig a light irhicroscppe and a 1 mm 2x 1 000 grid . 

The size of the striatal region used for the count was measured using an image 
~' analyser. The total counts of heurohs/him^ 'were "^com GPE and 

vehicle treated group. Data were analysed with paired t-test and presented as mean 

+/- sem. Results are presented in Figure 2. 

This figure shows that tfe number of GAD irhmunopositive' neurons increased in the 
right side' Wh(^reas P'arvalbumi^ (a marker for the sarhe cell type) was not increased, 
showing thai GAD expression was upregulated in the surviving cells (*p<0.05). 
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. ^ , The objective of 4h \y^s >tp jde.term GPE on 

J , expression of NOS in the prese^ at^s^ence^of CNS inj^^^^ The experiment involved 

5 treating the rats with a control vehicle or GPE 2 hours after a focal CNS injury. These 
rats had an hypoxic-ischemic injury to one cerebral hemisphere induced in a standard 
. .mannerrl ligation of dherC;^ ^d length: of hypoxia; :the ambient 

temperature and humjdity^ were; defi t^g standardise" the, degree of damage. The 
. . . neuronal. death Js^^restrict to th^er^ide of thexaratid; ligation and is primarily in the 
10; .hippQcampus, d^^ ligated hemisphere, 

. , • There is no neuronal loss in the conjtralateral hemisphere. ? " ■ : i-:^-- 

Specifically, nine pairs of adult wlstar rats (280-320g) were prepared under 
, . ,halothane/p2 aiiaesthesia., The right side, parotid a^^^ cannula 
- 15 ^ was placed:,oji the;dura 7-.5mrn^ 1 .5mm from midline 

on the right. ; Th^^ rats were allowed jto,^^^ in an 

incubator v^th humidity 90+A5% and temperature 3l4-/.0.5''C for 1 hour before 
hypoxia. Oxygen concentration was reduced and maintained at. f>^/r0.2D2% for 10 
minutes. The rats were kept in the incubator for 2 hours after hypoxia and then 
.2a,w tr^at^d^^ijiier 3iig GI>E^ pr.v^ehigje glcmp^(9i4:M Qltrat^ 10 
times- in 0.^1% bovine^ serurnj-a^^ (PBS] 
i - i r K : I pH7^3 r A further 6 rats ^ere^us^edrsM:^^?^^^ - Pf^ntrqls, T^e.rats were sacrificed 
r ; , using p.^tobarbit-al 3 injury. Brains were perfused with 

. . j . ,normai;saline and;;^4 perfusion ;fi?cative overnight. 

, 25 grains w^ere stored in. 2^ in ^p. lM;PBS[pH7.4J- until ^ 

coronal sections (30uii))-ofcs.txiatum-, glp^b and substaBtiik;:!^ were cut 

using a microtome and stored in 0.1% sodium azide in 0:1 PBS at 4''C. 
Immunoreactivity for neuronal nitric oxide synthetase; ;:(N0S) was/=established by 
: ,^§t3imng usJtng a free-floating.sectiorL. m Briefly, ^he. antibodies were diluted in 

f.. >c 30; , 1% gpat serum. The .sections >ver<5 incubated in0,2% trjton in O.lMcBBS/triton at 4X 
I - , overnight before immunohistochemistry . iThe sections, were pre-treated with 1 % H^O-^ 
.. V in 50% nniethanol for 2(3 minutes,, The Ejections; vyei:e. then incubafediwith rabbit (Rb) 

^, anti-NOS- ( 1 :30OO);antibodies ( the prirnary antibodies) in 4D on a shaker for two days. 
, Tlie sections were washed using PBS/tpitpn { 1 S minutes x 3d)iand then incubated with 
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goat anti-rabbit biotinylated secondary antibodies ( 1 ; 1000) at 're^om temperature 
overnight. The sections were washed arid incubated in (ExtrAvidin TM Sigma 1 : 1 000) 
: for 3 hours andTollowed- by H'20*i (Gi01%) ih 3V3''diiahiinbbeH^^ 
: ; . . • ^ (DAB, 0.05%) reactionl' These sectiori^^^^ slides, 
: 5- ^dried; dehydrafed'^arid^ccR^^r^d: -^-^^'.^-^ f ^o::'ao^ ^ ^fi...- ^.^-v: ; ' ;V:^-:: 

^ . .The striatal neufohs in b<)th hernispH^res-whTG^^ sp^ciflc imrhunbreactivities 

: : coriiesponding to NOS were couhterd usirig'Slfghtj^^ 1 mm 2i?cl 000 grid, 

■i. . I" Th ei^-size-' of the" striatal 'ferglori ^used Tor^-the •c6uht Hvas'- measured usiiig an image 
r 10 ::ana]ys^en The -total counts %f rie\im ecyrhpared b'etwei^ri^^ti^^^ GPE and 

vehicle treated groupl Dat4 were analysed^ paired t-test^ arid pres(^nfed as mean 
-f/- sem. Results are presented in Figure 3. 

. .... ... This figure shdws-that the* nur^ both 

. 1& 1 the rightiand left (uninjurfed) sid«s (#p^=0;072V *p=0.0d8). This clearlyMridicates that 
; -5 > administraddn of GPE ^^ eJTect^^ 

: Example 4 ^ ^i^^rri b-^^^b^rr a;vjw^'--j:i5i:;r:-- i - .^'t-.c--vji - ..-0.: v.- 

' : :r^2a^>Th^- objective^ (3^^^ aeltekrtihe ti^e'effie^t 6'f GPEMadfeiriistrktioh'^^^ 

H : M i ;i fe^beSsidhbrGADf-Ni[fe anti CHAT iff tKg pre§^ of inJMr^'io the striatum: 

: ' >A;e induced by ^tiuinoUrifc-adid animals 
: c:;; qujnohnic acid produces lesildn^" from^--ttiie"46§s-'<>f Striatopallidal and 

. nw,:. :-" striaroAigF^^al- GABAetgie>pr6jeeti^^^^ i'n the striatum 

> 25 : .(Science. 2M.*^3F6^3T& [13831 f: ' ft^ vehicle or 

b ? GPE:2 bolirs iaftferacfeyitfistratldji bf q^^ c n - ^ 

: ^ c Materials azid Metbods ^r, ' . ; ■ ic ! v<''.;. '>.^:^- n ;! /,- 

' A total of 1 4-^dult male Wistar rats (280-3 lOg) were used in this iriyesTtigation. Eight 
30 rats were anaesthetized \i6inghaIdthanfe/©2 anaesthesia. An injection of quihoUnic acid 
' (78 timts» Sigma, diss<Dlved in 4M NaiOH) was stereotaxically plaiced in the dorsal 
' regron:of^tHe right strrMllm 0.8mm ariterior to bregma, 2.5mm lateral to the midline 
arid 4v0mm ventral to the* pial surfaMi 2 hours later an injeGtibn of 3fxg GP£ or vehicle 
' alone (OjlMxitrate buffer |pH6], 'diluted: 10 times in 0.1% bovine serum albumin in 

■ - - 1 1 - 
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O.IM phosphate buffered saline [PBS!IpH7.3]) was administered into the::i:;ight lateral 
,r ventriGal via a guide ca^^ froffl stereotaxic zero. 1. 5 mm from the 

rnidlme^pn the.right, and ver^^^ wercrused ^s normal controls. 

5 The rats were sacrificed using pentobarbitol 3 days after the quinolinic acid induced 
. striatal, Inj.ur^y.; ©rains \^(eTe,perfused wit^^ ;1 0% buffered formalin (;pH7) and processed 
, forimrnunoreactivity fprp^Ap,-NpS,w^^ ;are found in GABAergic interneurons in the 
striatum .and ChAT^ rWhiGh ^SYn^^ ^^^^y'^.^P^^P^ i-^? found Jn cholinergic 

neurons in the striatum. Brains were stored in 25% sucrose in O.iM PBS (pH7.4) 
10 until the tissue sank. Frozen coronal sections (SO^im) of the striatum, globus pallidus 
; and substaatia nigra were. e^^ in .Ori% sodium azide in 

, , O. IM PBS at 4^C, ^ Imn^unoreaetiv^ NQS; and ChAT. was; establish by 

staining using a free floating method. BrieRy, the antibodies were diluted in 1% goat 
serum. The sections were incubated in 0.2% triton in 0. 1 M PBS/triton at 4^C overnight 
15 before immunohistochemistry. The sections were pre-treatedrwith 1 % HsGz in 50% 
methanol for 20 minutes. The sections were then incubated either with rabbit anti- 
^. GAD (l:5p0pJ^ rabbit :$Lnti-NOS ( l :^Qp0),^ y;:500q), in 4D on a 

shaker for two days. The sections were washed using RBS/ti:itpn (1 5 minutes x 3) and 
then incubated with goat anti-rabbit biotinylated secondary antibodies (1:1000. 
2Q,.,,Aniersham) at;:room^,^^ 
- (ExIyAvidir^. i:10QQ. Sigmali^fori^Ski^h^^ in. 0.05% 3,3- 

. r r diaminobenzidineftetrahydro,G a brown reaction 

product. These sections were imauntgd on^ -^^^ coated, sli4es» dried, 

dehydrated and covered. 

The striatal neurons in both hemisphe^esrwhich^showed^^^^ 

corresponding to GAD, NOS and ChAT were counted using a light microscope and a 
1mm 2x 1000 grid. The size of the striatal region used for . the.xountj\yas measured 
using an image analyser (Mocha image analysis software). The total counts of 
3Qr ^neurons/mm.vwere compared between the GPE .and vehicle treated grpup, The data 
- , .:has not been analysed for statistical :Sigajgicance. Xissue froni one of;the OPE treated 
. : b animals was unable to-be counted. r^Tfeese ijesults are preseoted, in ^ITigures 4-6. 
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•:y. :; piguVe 4 shows a loss of GAD immumoreac^^^^^ i>6'th'i^he left (non- 

■ injured} and righrsides of thel^riain foH^bWrngfiYfjuryV'^G^^^^ of 
GAD expression on both sides of the brain. 

^ Figure 5 shows a lossbf NOS acllivity-m'the st^^^ the left and 

right sfdes of the brain/ GPEi indtice^^^ 
, • .tJc. ;;sicies of the brain; restoring the enz^roe-levels^^ left (noh-lnjured) side 

Figure 6 shoWs a loSs of ChAT iihiHunorea^ injury onboth'sittes of the brain. 

^ - GPE ttieatment upregulated thie-levels 6r dhAT to above nofmal on' tlTre right (injured) 

- / -si-de <5f tht'brairu-' - ' • ^ ■ [i ^'^-^/j' it ^ yi ■ , ^ 

15 . 'Conclusions^^ : v--. - 7.: ■ , u ...^)vr : 1 : . y.: - 

■ The^e' Results tJemon^rkte^ the abilit^'6f GPE to regiilatfe the exjji'essiori of GAD. NOS 

''^^^ ' '-ahd GhAt iii^-the^CNS.^- '^■-■■''-'^'^^ rr-^v/^., ^1:^ . r, r.- , ^ -r, -t----.;^^ 

: FUrthermbrlb- th^ re^ulfe iridicate^lSiSt^G^^ and 

• • ' •^■absence '6f the'qulftbh cled'iiy dernbhl^trat'^^^^ effect of 

:ii f T . GPE ^iri upregtjlatftfg 'GAD-aii'd-^N of a¥esp6nseMo neural 

• r o '^damage of a tlireat to neu^ ^' Ti . - y rf ; ■ vf.;. 

... r'?--' :^ - 

25 The results also show that ChAT can be upregulated by GPE in the presehce of 
= ' ' "qiiiii^tiriicacid iriduc^ra :" -Mf n. tg : - ! r 

- ^-^^JNDUSTmM^APPLlCATIQN* ^l-H; 7-;-. 

' • ^ ' - ^ ■ • ^ ---^ ^ .^t^ ■ ■ . 'r:x . 

30 The experimental results demonstrate the' ability of GPE to increase the amount of the 
neUfal enzymes GhAT, GAD ahd NOS in the CMS through a direct increase in enzyme 
-'-e-S^i^ession, ' Further, the results indicate that expression of both GhAT and NOS is 
upregulated both in the presence and absence of neural injury. This clearly represents 
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that the effect of GPE in upregulating expression of these enzymes^ is independent of 
a response to neural damage or a threat to neural cell survival. 

These findings make GPE and its analogs applicable in treating a number of 
neurological disorders or conditions, eltherAherapeutically pf prophylacticaJly, Indeed, 
it will be apparent to those persons skilled in the. art that GPE and its analogs can be 
employed at any time where a patient would benefit from an increase in the expression 
of ChAT. GAD or NOS within^ the CNS. Neurological disorders or, conditions which 
would benefit from this include, but are not limited to the following: 

motor neuron disease, Alzheimers disease, muscular dystrophy, peripheral 
neuropathies, autonomic neuropathies, memory loss, aging and other forms of 
neurodegeneration (ChAT); 

15 postasphyxial seizures, epilepsy and other convulsive disorders. 

neurodegenerative diseases such as Huntingtons. plus-the immediate post acute 

phase following head trauma, stroke, and other forms of hypoxic ischemic brain 

:C'^"i" ■:' ^ M '. ' ■ n^; v-:5 < " .y:--"'-^ i" re- 

injury (GAD); and 

20 * subarachonoid haemorrahge, transient ischemic attack, stroke, multinfarct 

dementia, cerebral vasculitis and traumatic brain injury plus the immediate 
post acute phase following head trauma, stroke and other .forms of hypoxic 
ischemic brain injury. . . , . 

25 It will be appreciated that althougji the present invention is described above with 
reference to certain specific embodiments, the description provided is exemplary only 
and that the invention is lipiite^ only by the lawful §cope of the appended claims. 
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' CLAIMS • --:/-v;-;x^ -.-^ : v.-.', ri:: 

1 . A method of treatment of a patient suffering from or susceptible to a condition 
in which an increase in the amount' of a neural' enzyf^^ selected from ChAT, 
5 • NOS arid GAD is deisirable, which method comprises the step of increasing the 

effective amount of the GPE or 

2/^' A method of treatment as claimed in^^ K wherein the concentration of OPE 
or an analog thereof is increased by administering to said patient an effective 
10 amount of GPE or said analog of OPE or of a prodrug thereof, 

3. " A rti'ethod of treatment as claimed in 

is increased in the CNS by direct admiriistration of GPE. 

15 4. ' A method according to any one of ciaimV 1 to 3 which Is prophylactic. 

' 5. ^ A method according to any one of claims 1 to 3 which is therapeutic. 

6. A method according to any one of claims 1 to 5 wherein the condition is one in 
*20 ^ which an increase in the amount^'bf ChAT is desirable. 

- y. A method accordmg to claim 6 wherein the condition is selected from Motor 
Neuron disease, Alzheimer's disease/" muscular dystrophy, peripheral 
neuropathies, autonomic neuropathies, memory loss and neurodegeneration 



'25 " ' due to agingl ' ' ' ■ ■ 



8- A niethod according to any one of claims l"to 5 wherein the condition is one in 
which an increase in the amount of GAD is desirable. 

30 9. A method according to claim 8 wherein said condition is selected from 
postasphyxial seizures, convulsive disorders, neurodegenerative diseases and 
hypoxic ischemic brain injury. 



- 15 - 



BNSDOCID: <WO 9814202A1_I_> 



, ,,yW-9pi4202 - PCT/NZ97/0Q132 ^ 

10 A method according to any one of claims. 1 to 5 wherein the .condition is one in 
which an increase in the amount^ of NQS is^^e.^irable. 

11 A method according to claim 10 wherein said .condition is selected from 
5 subarachonoid haemorrahge, transient ischemic attacks stroke, multinfarct 

dementia, cerebral vascuUtis and traumatic brain injury. 

12. A method of upregulatingthe expression of the neural enzyme ChAT in a patient 
for therapy or prophylaxis of a neurological disorder or condition, said method 

1 0 comprising the step of increasing the effective amount of GPE or an analog 

thereof within the CNS of said patient. 

13. A method of upregulating the expression of the neural enzyme GAD in a patient 
for therapy or prophylaxis of a neurological disorder or condition, said method 

15 comprising the step of increasing the effective amount of GPE or an analog 

thereof within the CNS of said patient. 

1 4. A method of upregulating the expression of the neural enzyme NOS in a patient 
for therapy or prophylaxis of a neurological disorder or condition, said method 

20 comprising the step of regulating the effective amount of GPE or an analog 

thereof within the CNS of said patient. 

15. A method according to any one of claims 11 to 13 which comprises direct 
administration of GPE, an analog thereof or a prodrug thereof to the CNS of 

25 said patient. 

1 6. The use of GPE or an analog thereof in the preparation of a medicament for use 
in increasing the amount of a neural enzyme selected from ChAT, GAD and NOS 
within the CNS of a patient for therapeutic or prophylactic purposes. 



30 



17. The use of claim 16 wherein the medicament is for use in increasing the 
expression of ChAT in the CNS of a patient. 
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18. " The use of claim 16 wfierein ' the medicafneht is fbV'^i^^^ increasing the 

expression of GAD In the CNS oY a"patienV. ' ' ' " " '* ' 

19. The use of craim l 6 wherein the rnedi^ use in increasing the 
expression of NOS in the CNS ofa pat'ieritT ■ ^ ' 



) ... , ,^ .... t . -r - - -i, 
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Effecfs of GPE on ChAT immunoposif-ive neurons 
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Effects of GPE on GAD Immunoposif ive neurons 




FIG. 2 
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Effects of GPE.on NOS immunoposif ive neurons 



if 




FIG. 3 



BNSDOCID: <WO 9814202A1_L> 



, wo 98/14202 



, PCT/NZ97/00132 



5/6 
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